Fractional -ordered oscillator is used to model the mood variation of bipolar II disorder patient and is investigated analytically. Based on multiple scale perturbation method, the approximate solution and the amplitude -frequency equation are obtained. The effect of fractional -order damping derivative on the mood variation is analyzed, and it is found that it does not only affect the damping mechanism but also the medication parameter. The stressors represented as the forcing function has adverse effects on the mood variation, succinctly leads to unbounded amplitude increase; which is checkmated by increasing the damping coefficient and the nonlinearity parameter or medication parameter. [ 10] . Recently there is a trend observed in research community where fractional calculus has been used in modeling complex phenomena. Many researchers observed fractionalorder derivative as an essential tool for solving problems in viscoelasticity, diffusion and electrochemistry [5, 8, 11 -13 ] that have their application in many field of study. D. Paola discussed the relation between creep/relaxation and multiphase fractional hereditary material and their electrical analogue models [14] . Such models are often expressed as impedence models, which is the form normally used to represent bioimpedence measurements in respiratory system. The dynamic processes that are inherent in biological tissues are complex because they are characterized by processes that occur at different timescale and length. Fractional -order derivative models are often necessary to account for the rich phenomena that take place within biological or dynamic processes at different scales [10, 9, 14, 15] .
INTRODUCTION
Fractional calculus is an essential branch of Mathematics that has been invoke since 17 th century. Researchers have been focusing its application enormously in the field of physics and engineering [1, 2, 3, 4] . Fractional -order derivative has significant phenomena in control engineering [5] , heat transfer [6] , signal processing [7] , fluid mechanics [8] , vibrations and dynamics [9] . Several real phenomena are better understood by science of complexity that provides new view to what seemed inexplicable and hidden properties of such complex systems can be explored [ 10] . Recently there is a trend observed in research community where fractional calculus has been used in modeling complex phenomena. Many researchers observed fractionalorder derivative as an essential tool for solving problems in viscoelasticity, diffusion and electrochemistry [5, 8, 11 -13 ] that have their application in many field of study. D. Paola discussed the relation between creep/relaxation and multiphase fractional hereditary material and their electrical analogue models [14] . Such models are often expressed as impedence models, which is the form normally used to represent bioimpedence measurements in respiratory system. The dynamic processes that are inherent in biological tissues are complex because they are characterized by processes that occur at different timescale and length. Fractional -order derivative models are often necessary to account for the rich phenomena that take place within biological or dynamic processes at different scales [10, 9, 14, 15] .
Biological processes have been modeled using fractional order derivative; it has recently been suggested that neuronal adaptation allows neuronal spiking to communicate a fractional derivative of the actual computed signal [16] , the kinetics of drug distribution throughout the human body is conventionally compartment models that is evolving rapidly into the fractional domain [17] . Fractional derivative is useful in investigating the impulse time response of the human respiratory impendence of patients diagnosed of asthma and cystic fibrosis [18] .
Integer order differential operators are local operators while the fractional order differential operators are non -local i.e. systems depend not only upon its current state but also upon all of its historical states. The latter is the reason behind the popularity of fractional order nonlinear oscillators. Fractional derivatives are non -local operators, and they provide a wonderful instrument for the modeling of memory and heredity properties of viscoelastic materials. In addition, such models have the ability of describing the viscoelastic behavior with small number of parameters [1] .
In study of fractional -order derivatives, one should note that finding an analytical or approximate solution is a challenging problem, therefore, accurate methods for finding the solutions of fractional -order derivatives are still under investigation. The study of fractionalorder derivative has been possible using various analytical and numerical techniques including averaging method [9] , multiple -scale approach [19] , the various homotopy analysis method [20] , the differential transform method [21] , variational iteration method [23] , decomposition method [23] and numerical methods [22] . Some numerical or analytical methods have been investigated for solving a system of fractional -order derivatives, such as an iterative Laplace transform method [24] , and adaptive observer [25] .
In current literature, regardless of the existence of many priced researches in this field, only few researchers have dived into the application of fractional derivative to mood variation of a human. In this work we shall investigate this mood variation using a special form of Duffing -Van der Pol Oscillator with an additional nonlinear term and fractional damping. We shall employ the Lindstedt -Poincare and multiple scales perturbation technique in solving the suggested model of bipolar II disorder patient; in addition validate our result from existing literature.
PROBLEM FORMULATION AND ANALYTICAL SOLUTION
The approach in this work is based on the representation of the fractional derivative as a fractional power of the ordinary time derivative operator / , a representation typically given by the equality
where 1 2 and , ,
Substituting (8), (11) and (13) into (5), and equating coefficients of equal powers of  , we obtain a set of recurrence equations:
Order of  :
Order of
The general solution of (15) is of the form
where and ̅ are yet unknown complex conjugate functions. We now consider the damping and excitation when = 1.
Substituting (18) into (16) with = 1, having (4) in mind and to obtain a valid asymptotical solution, we apply the solvability criterion by equating to zero the coefficients of
whose solution is
The remaining part after solvability criterion is
Observe that and ̅ are complex conjugates, hence we can write
where
The solution to (23) is of the form
where , , , and M M C C are complex conjugate functions that represent the general solution and the particular solution of (23) . Substituting the particular solution of (25) into ( 
, ,
Substituting (16), (20), (25) and (26) into ( 
where denotes the complex conjugate of the terms in the equation.
Applying the solvability condition, we obtain
whose solution is 
where is a constant and = i cos 2 + sin 2 .
Having (29) in mind, we can express the and in (25) as [26] 
Fusing ( 
The second term of (4) does not affect the solution within the limits of this approximation [26] , hence we limit ourselves to first term of (9) . Hence the solution of (5) is in the form 
Observe that the solution in (33) is fragmented into two: first part corresponds to the damping oscillations and its observed swing in mood, while the latter is non -damping in exhibitions and describes forced oscillations with the frequency of the restoring force and the phase difference depending on the fractional parameter.
DAMPING OF THE ORDER OF , = .
For = 2, (5) becomes
Substituting (18) into ( To ensure uniformly asymptotically valid solution, we apply the secularity principle, and we obtain that 
Observe that is independent of . Multiplying (42) by ̅ , we obtain   
The conjugate of (44) is
Adding (44) and (45), we obtain    
Equations (53) and (56) can be used to obtain the amplitude and the phase lag of the oscillations respectively. We graph (33) to obtain the following graphs 
Discussion
In this section, we graphed the asymptotic result in (33) to observe its consistency; in addition, finding new behavior of our system. The parameters are chosen as
In Fig. 1 we choose 3   and 0.25
 
. It shows that the mood of the patient is stable at the onset but if left untreated it will lead to a large limit cycles that signify unbounded mood variation. The forcing function is needful for the standardization of the mood, for the patient goes too long without being diagnosed. In Fig. 2 we choose to increase the damping parameter, 5
  and 0.25
. It shows an obvious reduction in the unbounded mood variation that represents the large limit cycles. It suggests that when the patient is yet to be diagnosed but lives a healthy life pattern; the body system is designed to activate the controller of the mood variation to their optimum functionality. In Fig. 3 we choose to increase the damping parameter to 10   and 0.25
. This situation suggests that the patient has been diagnosed and has started the medication (external medication and psychotherapy) but there is irregularity in the medication adherence. Family and friends therapy might create such a ripple effect but the hustling and bustling in the contemporary world may led to negligence of the efficacy of the therapy and hence, the mood variation may start growing unboundly. It shows that if the treatment which we consider as the forcing function is judiciously administered, it leads to stable limit cycle with smaller amplitude, which we interpreted as a decrease in the intensity of the mood variation of the bipolar patient. Successful treatment is characterized by limiting the mood variations [27] . In Fig. 4 and Fig. 5 the medication parameter is increased to 2 6 k  and 2 15 k  respectively. It is observed that limit cycles are more stable when pharmacotherapy is greatly administered. Bipolar mood disorders have great rates of relapse on discontinuation of drug therapy [28] , hence the pharmacotherapy should be conceptualized as long -term phenomenon.
In Fig. 6 and Fig. 7 , we try to vary the intensity of the external and internal forcing term. We choose 5, f   and 6 f  . It is observed that stressors aggravate the amplification of the limit cycles. It has a known fact that stress is pervasive in human nature, and it plays a paramount role in modulating both the onset and severity of many psychiatric syndromes of which bipolar II disorder is inclusive. The stressor may emanate as a result of environmental events and psychological undetected physiological challenges representing threats to the potent natural fight against such misnomer. Examples of such stressors are patient encounter with pathogen such as virus and bacteria, presence of hyperthermia, and hypoglycemia etc.
If we vary the fractional part of the derivative, we observe that it has a great effect on the limit cycles. In Fig. 8 we choose 0.25
. We observe that the limit cycle is increasing unboundly that suggest immediate attentions to pharmacotherapy. In Fig. 9 when 0.65
, we can observe that steady mood oscillation is realized earlier, which is also supported when 0.85
. The increase in the value  also leads to increase in the amplitude. In general, we observe that the graphs generated from the fractional order system enables us to have a better result in exploring the mood variation of bipolar II disorder patients.
Conclusion
We obtained a fractional -order damping oscillator that we use to study the effect of fractional damping to the limit cycle or mood variation of bipolar II disorder patients. The asymptotic solution of the model is obtained using modified Lindstedt -Poincare multiple scale perturbation method. The asymptotic solution obtained is graphed using MATHEMATICA. Our results indicate that the fractional -order damping oscillator allows for the better and quicker trend observation. It was also observed that any slight change in the damping function affects the mood variation of bipolar II disorder patient. The mood variation is sensitive to the fractional coefficient change. The stressors represented as the forcing function has adverse effects on the mood variation, succinctly leads to unbounded amplitude increase; which is checkmated by increasing the damping coefficient and the nonlinearity parameter or medication parameter. The analysis also revealed that the value of the fractional coefficient has vivid effect on the frequency -amplitude curve of the mood swings.
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